Background: There is limited information on cardiovascular risk among migrants. We compared cardiovascular risk factors among three major migrant groups in Finland with the general population. Methods: Cross-sectional data from 30-to 64-year-old health examination participants (n = 921) of the Migrant Health and Wellbeing Study (2010-12) were used. Data for comparison with the general Finnish population were obtained from the Health 2011 Study (n = 892). Results: Russian men had a similar risk profile to that of the reference group. Kurdish men had lower prevalence of hypertension [prevalence ratio (PR) 0.55, 95% confidence interval (CI) 0.39-0.79] but higher prevalence of dyslipidaemia (PR: 1.12, 95% CI: 1.02-1.24) and hyperglycaemia (PR: 2.61, 95% CI: 1.88-3.64) compared with the reference group. Somali men had lower prevalence of smoking (PR: 0.18, 95% CI: 0.08-0.44), hypertension (PR: 0.55, 95% CI: 0.32-0.97)) and obesity (PR: 0.35, 95% CI: 0.17-0.71) but higher prevalence of hyperglycaemia (PR: 2.59, 95% CI: 1.73-3.86) compared with the reference group. Similar patterns were observed for women, except for higher prevalence of hyperglycaemia among Russian women (PR: 1.95, 95% CI: 1.26-3.01) and obesity among Kurdish and Somali women (PR: 1.41, 95% CI: 1.15-1.72 and PR: 1.68, 95% CI: 1.40-2.03, respectively) compared with the reference group. All migrant women had significantly lower prevalence of smoking than the reference group. Conclusions: There were significant variations in cardiovascular risk profiles of Kurdish and Somali migrants compared with the general population. Differences in cardiovascular risk factors by migrant group need to be taken into account in planning and implementing health promotion strategies.
Introduction
C ardiovascular diseases are the leading cause of premature deaths and years lived with disability in Western countries. Main cardiovascular risk factors are smoking, dyslipidaemia, hypertension, hyperglycaemia and obesity. 1 While the prevalence and distribution of cardiovascular risk factors are regularly monitored both at countryspecific and European level, 2 information on cardiovascular risk profiles of migrants is scarce. [3] [4] [5] A significant majority of studies on cardiovascular risk factors among migrants originate from Britain, [6] [7] [8] Netherlands 9,10 and Sweden. [11] [12] [13] Large-scale migrant health survey data are limited in most other European countries. 3 Furthermore, methodological issues including survey recruitment, obtaining sufficient sample size, assessing ethnicity and standardization of behavioural measures have led to limited comparability between surveys. 3, 5 Based on the available literature, there appear to be significant variations in the prevalence of cardiovascular risk factors by migrant group, 6, 7, 13, 14 migrant status 15, 16 and country of residence. 3, 17 Prevalence of cardiovascular risk factors 18 and cardiovascular disease mortality 19 have been higher in Finland than in most European countries; however, declining trends have been achieved through health promotion and improved treatment. 20 Like many other Western countries, Finland is becoming increasingly ethnically diverse. The number of migrants has grown from 0.5% of the total Finnish population in 1990 to 5.5% in 2013. 21 According to projections, 22 migrants will constitute 10% of the population by 2020. There is, however, no previous information on cardiovascular health of migrants in Finland. Information on cardiovascular risk factors among different population groups is needed in order to effectively plan and target health promotion measures. 5 The aim of this study is to compare cardiovascular risk factors among three major migrant groups in Finland: Russian, Somali and Kurdish origin migrants with those of the general Finnish population.
Methods

Design and study population
In this cross-sectional study, cardiovascular risk factors among Russian, Somali and Kurdish origin migrants are examined using data from the first Finnish Migrant Health and Wellbeing Study (Maamu), 23 conducted between 2010 and 2012 by the National Institute for Health and Welfare (THL). Russian migrants are the largest migrant group in Finland. The main reasons for migration are family and work. Somali migrants are the largest refugee group, whereas Kurdish migrants coming from Iran or Iraq have been among the largest groups of quota refugees over the past decade. Quota refugees are those who are offered refuge by a third country because they are unable to stay permanently in the country they initially arrive at. The Finnish government decides the number of quota refugees annually. Figure 1 describes the flow chart of the study population. For the Maamu study, a representative random sample of 3000 Russian, Somali and Kurdish origin migrants (1000 per each group) was randomly drawn from the National Population Register. The register contains information on country of birth, mother tongue and history of residence for each individual living in Finland. Selection criteria were age 18-64 years, country of birth (Russia/ Former Soviet Union, Somalia and Iran/Iraq), mother tongue (Russian/Finnish and Sorani dialect of Kurdish), municipality of residence and minimum 1 year of residence in Finland. The Maamu study was conducted in six municipalities: Helsinki, Espoo, Vantaa, Turku, Tampere and Vaasa, where a significant majority (Somali 93%, Kurdish 67%, Russian 47%) of migrants meeting the inclusion criteria lived at the planning stage of the study. A map with locations where the Maamu study was conducted is presented as Supplementary Material.
Addresses were obtained from the National Population Register, supplemented with telephone numbers from a telephone finder database. An invitation letter was first sent, followed by telephone contact. If the person was not reached by phone, home visits were made. The study consisted of a structured face-to-face interview and a standardized health examination (including blood tests) conducted by trained multilingual staff. A brief questionnaire was offered to all those who did not participate in the face-to-face interview. The brief questionnaire was administered face-to-face, by telephone or post.
Health 2011 study 24 was carried out to monitor the health and wellbeing of the general Finnish population. A standardized protocol comparable with the Maamu study was followed. Health 2011 participants from the corresponding six municipalities of the Maamu study were used as the reference group. All participants gave written informed consent. Both studies were approved by the Coordinating Ethics Committee of the Helsinki and Uusimaa Hospital District.
Current study sample
The age range of the Maamu study participants was 18-64 years. Comparable biomarker data from the Health 2011 study are available for those aged 30 years or older. Therefore, comparison of cardiovascular risk factors is limited to 30-64-year olds. The data of our study consist of 344 Russian, 229 Somali and 348 Kurdish migrants who took part in the health examination and face-to-face interview or brief questionnaire of the Maamu study. The reference group are 892 participants of the Health 2011 study. There were no statistically significant age differences between the random sample and the health examination participants in any of the examined groups. Biomarker data were missing for 31 
Clinical measurements and interview data
In both studies, data on self-reported diabetes diagnosis, hypertension medication and daily smoking were collected during the interview or brief questionnaire. The health examination included anthropometry, blood pressure and fasting venous blood samples for measurements of lipids, fasting glucose and glycated haemoglobin. Fasting time was recorded. Mean fasting time was 13 h for Russian, 12 h for both Somali and Kurdish migrants and 8 h for the reference group.
Blood samples were taken by trained laboratory staff, centrifuged within an hour and frozen at À20 C on site. Samples were shipped packed in dry ice weekly in Helsinki, Espoo and Vantaa and monthly in other cities, to their final storage location in THL, where they were stored at À70 C. Cholesterol and triglycerides were measured by enzymatic assays with Abbott Architect c8000 analyzer (Abbott Laboratories, Abbott Park, IL). Homogenous method was used for HDL cholesterol (Abbott). Triglyceride values were adjusted for differences in fasting time with a previously published algorithm. 25 Low-density lipoprotein (LDL) cholesterol was calculated using Friedewald's formula. LDL cholesterol was not calculated if triglyceride concentration was !4.5 mmol/l. Glycated haemoglobin was measured by immuno-turbidimetric method using Abbott Architect reagents.
In the Maamu study, fluoride citrate plasma and in Health 2011 study serum were used for glucose measurements. In both studies, glucose was measured by hexokinase method using Abbott Architect reagents. The inter-assay coefficients of variation for cholesterol, HDL cholesterol, triglycerides, plasma glucose (Maamu study), serum glucose (Health 2011 study) and glycated haemoglobin were 0.9%, 2.2%, 1.9%, 1.9%, 1.6% and 3.9%, respectively. The laboratory (Disease Risk Unit at THL) conducting the analyses took part in the Lipid Standardization Program organized by CDC, Atlanta, GA, and External Quality Assessment Schemes organized by Labquality, Helsinki, Finland.
In both studies, waist circumference was measured with a soft measuring tape half-way between lowest rib and top of iliac crest on bare skin or wearing light clothing. Height was measured without shoes with a stand-alone stadiometre (Seca 213). Weight was measured wearing light clothing and no shoes. In the Maamu study, weight was measured with a balanced beam scale (Seca 709), whereas in the Health 2011 study, as part of the bioimpedance body composition analysis (Seca 514). Body mass index (BMI) was calculated based on weight and height (kg/m 2 ). Waist circumference and weight were not measured if the participant was over 20 weeks pregnant.
In the Maamu study, blood pressure was measured three times with 1-minute interval with a digital blood pressure monitor (Omron i-C10, Oriola) after at least 5 minutes of rest from the right arm, while sitting upright. In the Health 2011 study, blood pressure was measured twice with a standard mercury manometer (Riester Diplomat Presameter Desk Set). The mean value of the first and second measurements was used.
Variable definitions
Dyslipidaemia was defined as total cholesterol !5 mmol/l and/or HDL cholesterol <1.0 mmol/l (men) and/or <1.2 mmol/l (women) and/or LDL cholesterol !3 mmol/l and/or triglycerides > 1.7 mmol/l. 26 Hyperglycaemia was defined as fasting plasma glucose >6.0 mmol/l or glycated haemoglobin !42 mmol/mol (!6.0%) or self-reported diabetes diagnosis. 27 Hypertension was defined as mean systolic blood pressure !140 mm Hg and/or mean diastolic blood pressure !90 mm Hg and/or self-reported use of hypertension medication. 26 Obesity was defined as BMI !30 kg/m 2 or waist circumference !102 cm (men) or !88 cm (women). 28 
Statistical analyses
Statistical analyses were performed using SAS 9.3 29 and SUDAAN 11.0.1 30 software packages. SAS software was used for constructing outcome variables and calculating crude values, whereas SUDAAN software was used for data analysis. Linear regression models were applied for continuous variables and multinomial logistic regression models for categorical variables. Poisson regression with robust variances was used for binary variables and for calculation of prevalence ratio (PR). Age-adjusted means and prevalence were calculated by migrant group and sex using predictive margins 31 based on the regression models. Inverse probability weights 32 were used to correct for the effects of non-response and different sampling probabilities. Different sampling probabilities and nonresponse were handled using the inverse probability weights based on age group, sex, ethnic group, study location and marital status. Sensitivity analysis was performed to examine the effect of fasting on glucose and triglycerides.
Results
Cardiovascular risk factor levels among migrants compared with the general population
Mean values of the cardiovascular risk factors in the study population are presented in table 1. Somali and Kurdish migrants, and Russian men, were younger compared with the reference group. After adjustment for age, cardiovascular risk factor levels of Russian migrants most closely resembled those of the general population. Statistically significant differences were observed for the majority of risk factors among Somali and Kurdish migrants.
Cardiovascular risk factor prevalence among migrants compared with the general population
Smoking
Compared with the general population of the same sex, prevalence of smoking was higher among Russian and Kurdish men but lower among Russian and Kurdish women (table 2). Smoking was rare among Somali migrants. migrant group were observed. Compared with the general population, Kurdish migrants had lower prevalence of elevated total and LDL cholesterol but notably higher prevalence of low HDL cholesterol and elevated triglycerides. Somali migrants had lower prevalence of total cholesterol and triglycerides but higher prevalence of low HDL cholesterol. Russian migrants had similar lipid profiles as the general population, with exception for higher prevalence of low HDL cholesterol among Russian men (table 2).
Hypertension
Prevalence of hypertension was notably lower among Kurdish and Somali migrants compared with the general population (table 2). Self-reported use of hypertension medication did not differ between the studied groups.
Glucose metabolism and obesity
Prevalence of hyperglycaemia as well as its components was notably higher among Kurdish and Somali migrants compared with the general population. When taking into account self-reported diabetes, impaired fasting glucose (!7.0 mmol/l) or elevated HbA1c (!48 mmol/l), 18.1% of Kurdish, 16.9% of Somali, 5.0% of Russian and 6.6% of men from the general population have probable diabetes. Among women, the respective rates were 14.5%, 23.1%, 6.7% and 5.5%. Abdominal obesity was highest among men from the general population, whereas general obesity (based on BMI) was most common among Kurdish men. Somali men had the lowest prevalence of obesity. Somali women, in contrast, had the highest prevalence of obesity.
Cardiovascular risk factor clustering among migrants compared with the general population Absolute number of risk factors was calculated (table 3) . Cluster distribution among Russian migrants was similar to that of the general population. Somali men were less likely to have more than one cardiovascular risk factor compared with men from the general population. Kurdish men and women, and Somali women were, on the other hand, more likely to have two or more cardiovascular risk factors than the reference group.
Discussion
Key findings
Russian migrants had a rather similar risk profile to that of the general population, with exception of higher prevalence of hyperglycaemia among Russian women and differences in smoking.
Smoking was more common among Russian men and less common among Russian women. Compared with the general population, Kurdish migrants had a significantly lower prevalence of hypertension but higher prevalence of hyperglycaemia and dyslipidaemia. Smoking was more common among Kurdish men and less common among Kurdish women. Kurdish women had a notably higher prevalence of obesity compared with women from the general population. Similar to Kurdish migrants, Somali migrants had a significantly lower prevalence of hypertension but a significantly higher prevalence of hyperglycaemia compared with the general population. Compared with the general population, dyslipidaemia was more common among Somali women but not Somali men. Smoking was rare among Somali migrants. Somali men had a significantly lower, whereas Somali women had a significantly higher prevalence of obesity compared with the general population. Clustering of risk factors was more frequent among Kurdish migrants and Somali women than in the general population.
Cardiovascular risk among migrants compared with the general population
Comparative information on smoking rates among Russian, Somali and Kurdish migrants is limited. Smoking prevalence differed significantly between migrants and the general population, with notably lower smoking rates among Somali migrants. This is in striking contrast with a US study which reported that 40% of Somali men were regular smokers. 33 In our study, total cholesterol was lowest among Somali and Kurdish migrants, which may be partly explained by their lower HDL cholesterol levels. High prevalence of low HDL cholesterol and elevated triglycerides among Kurdish migrants are in consistency with findings of previous studies. 12, 14 Previous studies have reported significantly higher levels of hypertension among African-origin migrants 9 and refugees 34 compared with the general population. In our study, Somali and Kurdish migrants had lower blood pressure levels and lower prevalence of hypertension compared with the general population despite having higher prevalence of obesity (Kurdish migrants and Somali women only). It should be, however, noted that blood pressure levels and the main life-style determinants of elevated blood pressure (high sodium intake, low potassium intake, high alcohol intake and obesity) differ between population groups by country of origin and country of residence. 35 Furthermore, the comparison population needs to be taken into account: prevalence of hypertension in Finland is relatively high compared with other European countries. 36 All migrant groups were significantly more likely to have impaired glucose metabolism compared with the general population; however, the difference was particularly pronounced among Somali and Kurdish migrants. Our findings are consistent with previous studies that reported higher prevalence of impaired glucose metabolism and diabetes among migrants, especially with refugee background. 15, 34 Previous studies have also reported high rates of obesity among Somali 34, 37 and Iranian origin migrants. 12, 14 Kurdish migrants and Somali women were more likely to have clusters of two or more risk factors when the absolute number of risk factors was calculated. Further research is needed to examine the clinical significance of the clustering and the possible predictive value for the future outcomes of cardiovascular, metabolic and other chronic conditions among these migrant groups.
Strengths and limitations
This study contributes to the limited body of research on cardiovascular risk factors among migrants. A significant advantage of this study is randomized sampling and use of mainly objective measures. This notably reduces language and cultural bias. Data were collected by trained fieldwork staff using standardized protocol. A further strength is inclusion of several diverse migrant groups and availability of comparable data on the general population.
Several methodological issues need to be addressed when interpreting our results. While the participation rate was satisfactory, there is a possibility of selection bias due to non-response. We aimed to reduce non-response bias by using Inverse Probability Weighting. 32 Fluoride citrate used in plasma glucose samples stops glycolysis immediately, whereas glycolysis cannot be entirely avoided in serum samples even with glycolysis inhibitors. This leads to lower serum values compared with plasma glucose. 38 To reduce bias, samples in both studies were let to rest for minimum of half an hour to maximum an hour before centrifugation and freezing at À20 C. Therefore, it is unlikely that the observed significant differences in glucose between migrants and the general population are attributable to differences in blood sampling processing methods, with exception for Russian men, for whom the difference with the reference group might have been negligent if the same sample processing methods were used.
Omron i-C10 has been found to produce slightly lower systolic blood pressure measurements (À0.75 AE 6.5) and slightly higher diastolic blood pressure measurements (1.33 AE 5.5) than a mercury manometer. 39 Even though systolic blood pressure might be higher among migrants if it were measured with a mercury manometer, the reported differences among Kurdish and Somali migrants compared with the general population will remain. Assuming that the Omron device produces higher diastolic values compared with a mercury manometer, the difference between the general population and Somali and Kurdish migrants could be even more pronounced.
Waist circumference measurements were taken mainly on top of light clothing for Somali and Kurdish migrants, and on bare skin for Russian migrants and the general population. This may lead to a slight overestimation of waist circumference among Somali and Kurdish migrants. 40 However, the differences in waist circumference measurements were so significant that these cannot be attributed merely to the effect of clothing.
Conclusions
The risk profile of Russian migrants was similar to that of the general population. Compared with the general population, Kurdish and Somali migrants had a notably lower prevalence of hypertension but significantly higher prevalence of several other risk factors, including impaired glucose metabolism, low HDL cholesterol, elevated triglycerides (Kurdish migrants only) and abdominal obesity (Kurdish migrants and Somali women).
Current health promotion measures in Finland are based on monitoring of cardiovascular risk factors among the general population. As migrants have different risk profiles compared with the general population, targeted health promotion strategies may be needed. Further research is needed to examine behavioural and sociodemographic factors associated with cardiovascular risk factors among migrants.
Key points
Cardiovascular diseases are the leading cause of mortality and morbidity in Western countries but declining trends have been achieved among the general population through health promotion. The number of migrants continues to grow rapidly in many European countries. However, there is little information on cardiovascular risk factors among migrants in European countries besides Britain, Netherlands and Sweden. We found significant differences in cardiovascular risk factors by migrant group and sex. Kurdish migrants and Somali women were more likely to have several cardiovascular risk factors than the general population. Migrant background and sex should be taken into account in designing and targeting effective health promotion and disease prevention measures. European countries that do not have previous information on the health of migrants may want to consider developing methods for monitoring the health of migrants to meet the changing population needs. CVD, cardiovascular disease. a: Number of co-occurring cardiovascular risk factors: daily smoking, dyslipidaemia (total cholesterol !5 mmol/l or HDL cholesterol <1.0(M)/ <1.2(F) mmol/l or LDL-cholesterol !3 mmol/l or triglycerides >1.7 mmol/l), hypertension (blood pressure !140/90 mm Hg or self-reported hypertension medication), hyperglycaemia (fasting plasma glucose >6.0 mmol/l or glycosylated haemoglobin !42 mmol/mol or selfreported diabetes) or obesity (waist circumference !102 cm(M)/!88 cm(F) or BMI! 30 kg/m 2 ).
